Abstract Two nonnative Caribbean frogs, the Puerto Rican coqui and the Cuban greenhouse frog, recently invaded Hawaii. Because of its louder breeding call, management efforts have focused on the coqui, while little has been done to address the more cryptic greenhouse frog, even though it may be as widespread and have similar ecological impacts. The goal of this research was to determine the distribution and detection probability of both species on the island of Hawaii. We conducted a breeding call presence/absence survey at 446 sites every 2 km along major road networks. We re-surveyed 125 sites twice to determine detection and occupancy probabilities. Greenhouse frog detection probabilities (0.24, 0.29, 0.48, for each of the three visits, respectively) were lower than coqui detection probabilities (0.58, 0.73, 0.50, respectively) and increased with visits while those of the coqui did not. Greenhouse frog detection probabilities were lower in the presence of coquis for the first two surveys (0.12, 0.14) than in sites with greenhouse frogs alone (0.41), while greenhouse frogs had no effect on the detection of coquis. Site occupancy estimates for the greenhouse and coqui frog were 0.35 and 0.31, respectively, suggesting the species are similarly widespread. Results suggest multiple visits to sites are required to detect the greenhouse frog. Furthermore, results suggest that accounting for detectability is essential when determining the extent of invasion of cryptic species.
Introduction
The ability to detect a species is critical in the assessment of species distribution (MacKenzie 2005; Mazerolle et al. 2007 ). Even if a site is well surveyed, a cryptic species may go overlooked or undetected by an investigator, and result in an underestimation of sites or habitat occupied (MacKenzie et al. 2006 ). In the case of nonnative species, detectability is important because it influences our understanding of the degree of invasiveness and our ability to manage the species (Christy et al. 2010) . A cryptic invader presents several specific problems: (1) because early detection is difficult, it is more likely to become widespread and unmanageable; (2) it is likely to be more widespread than appreciated; and (3) it is more difficult to control because individuals are easily missed (Bomford and O'Brien 1995; Pitt and Witmer 2006) . It is critical that we understand the detectability of nonnative species so that we conduct the appropriate level of monitoring.
The greenhouse frog (Eleutherodactylus planirostris) invasion in Hawaii is an example of an invasive species that is likely widespread in the invaded range, but is difficult to detect because of its semi-fossorial, nocturnal habits and quiet breeding call (Goin 1947; Kraus and Campbell 2002; Raloff 2003) , around 35-45 db at 0.5 m (Beard, unpublished data) . On the other hand, the coqui frog (Eleutherodactylus coqui), which invaded Hawaii around the same time as the greenhouse frog (Kraus and Campbell 2002) , provides an interesting contrast, because while it is a similar species, it has a much louder breeding call, up to 80-90 db at 0.5 m (Beard and Pitt 2005) . The louder call has made the coqui invasion relatively easy to monitor, and the invasion has also been well studied and the target of a massive control effort ). In contrast, the greenhouse frog invasion has been largely ignored (Olson et al. in press) . Because the greenhouse frog is more cryptic than the coqui, there is a need to determine its distribution as well as its detectability in Hawaii.
Because both species have audible breeding calls, it is possible to conduct a presence/absence survey to determine their distribution patterns. Breeding call surveys are successful in determining amphibian species distributions when detection probabilities are high ([0.7) (Mazerolle et al. 2005; Pellet and Schmidt 2005; Brown 2007 ). Because detection probabilities of calling amphibians may be influenced by both environmental conditions (i.e. temperature) as well as observer ability to hear the call, particularly for species with quiet or cryptic (i.e. mimicry of other sounds, such as running water) calls (Weir et al. 2005; Mazerolle et al. 2007) , environmental conditions and observer ability should be taken into account when conducting these types of studies. Furthermore, non-detection during a presence/absence survey does not necessarily mean that the species is not there ( Fig. 1) and multiple visits to a site over a short time may be necessary to minimize ''false'' absences (MacKenzie et al. 2002) .
We hypothesized that detection probabilities would be high for the coqui and low for the greenhouse frog Fig. 1 During each survey each sample point is either (a) not occupied by the species or (b) occupied by the species. If the site is occupied, it may be either (c) detected by the observer or (d) not detected by the observer. Multiple visits to each sample point provide (e) an encounter history for each sample point, from which a detection probability of a species can then be calculated. Encounter histories for both Eleutherodactylus coqui and E. planirostris are presented for the 125 study sites that were visited on all three surveys because the coqui has a louder call (Raloff 2003 ), but we hypothesized that overall site occupancy would be similar, given their same approximate time of introduction, similar pathway of introduction (nursery plants), and similar modes of spread (Kraus and Campbell 2002) . Furthermore, because of the loudness of the coqui call, we hypothesized that the ability to detect the greenhouse frog would be lower in the presence of calling coqui, and that the ability to detect the coqui would be unaffected by the presence of calling greenhouse frogs. Although we expected that occupancy rates would be similar, we also hypothesized that the species were more likely to occur independently than at the same sites, because individuals of both species were randomly introduced to sites by either accidental or intentional means (Kraus and Campbell 2002; Peacock et al. 2009 ).
There are other variables that might influence our ability to detect these species, in addition to the difference in the loudness of their calls. For example, because both species increase breeding activity in warmer and wetter conditions (Goin 1947; Pough et al. 1983; Townsend and Stewart 1994; Meshaka and Layne 2005) , we expected that higher air temperatures and relative humidity, lower wind speeds, and increased sky cover (i.e. from clear skies to rain) would increase the likelihood of call activity and detection (Weir et al. 2005) . We also expected that the likelihood of these species occupying a site would be greater in lower elevation sites than higher elevation sites because most previously documented populations are in low elevations Olson et al. in press) . In addition, the mode of introduction and spread of both species, more specifically the sale and movement of nursery plants (Kraus and Campbell 2002) and vehicular traffic (Peacock et al. 2009 ), occur at a greater rate at low elevations where human population densities are greater. We thus included these covariates in our detection probability models to account for variability among sites.
The objectives of this study were three-fold: (1) to conduct an exploratory analysis with singlespecies occupancy models to determine the detection probability and occupancy rate of the coqui and the greenhouse frog independently across the island of Hawaii, (2) to determine if the ability to detect either species is influenced by the presence of the other species, and (3) to determine if the coqui and greenhouse frog co-occur in the same sites more often than expected by random chance.
Methods

Sampling design
The sampling design was created by selecting every other pixel of a 1 km grid overlaid on the island of Hawaii (19°41 0 1 00 N, 155°23 0 35 00 W at its center location), intersecting with the road network (as in Bisrat et al. in press ). The road layer was obtained from the Hawaii Data Clearinghouse website (http://hawaii.wr.usgs.gov/hawaii/). This method was chosen because the design (1) increased the likelihood of sampling areas that are invaded because frogs in Hawaii are known to spread via vehicular traffic (Peacock et al. 2009 ), (2) increased our ability to sample many sites over a short period of time, and thus increase sample size, and (3) avoided spatial autocorrelation by creating a distance of more than 1 km between sites. However, because data were collected along the road network, evergreen forest and bare land cover types were underrepresented while grasslands, scrub/shrub, and cultivated land cover types were adequately represented in the dataset (Bisrat et al. in press ). The design generated 464 points across the island but only 446 points were sampled due to limited access at some sites (Fig. 2) . A Garmin eTrex Legend GPS handheld receiver (Garmin International, Inc, Olathe, KS) was used to geolocate sample points.
A subset of the 446 sample points was re-sampled over two additional survey periods for occupancy modeling. An ArcGIS extension (Hawth's Analysis Tools for ArcGIS; http://www.spatialecology.com/ htools/) was used to draw a random selection of 125 points for a stratified sub-sample, from each of the following four subgroups: (1) greenhouse frog presence only, (2) coqui presence only, (3) both species present, and (4) neither species present (classifications based on first survey). The 125 points for re-sampling consisted of 40 points with greenhouse frog presence only, 36 points with coqui presence only, 5 points with both species present, and 44 points with neither species present.
Coqui breeding activity increases during the rainy season in its native Puerto Rico (Townsend and Stewart 1994) and the greenhouse frog only breeds Detection probabilities of two introduced frogs in Hawaii 891 during the rainy season in its native Cuba and its introduced range in Florida (Schwartz and Henderson 1991; Meshaka and Layne 2005) . Rainfall occurs year-round on the eastern side of the island of Hawaii (Chu and Chen 2005) , but the western side of the island is drier and experiences its maximum rainfall May to October (Kolivras and Comrie 2007) . Because we were interested in sampling the entire island, surveys took place from May to July. The first survey occurred 02-15 May 2009, the second survey 06-10 July 2009, and the third survey 13-17 July 2009, beginning at 1900 hours and ending at 0200 hours, the peak calling hours for both species in their native ranges (Goin 1947; Woolbright 1985) . At each point, the observer walked 25 m off of the road, listened for 5 min and considered a site occupied by the greenhouse frog or the coqui frog by the detection of the male breeding call of either species. To avoid observer bias, presence was determined by the same researcher for each survey point. Even though coqui calls can be heard over 1000 m, the greenhouse frog is only audible from a distance of 25 m (Olson, unpublished data) . For consistency, coqui presence was only documented after the observer walked as close to the nearest calling coqui as required to confirm that the frog was within the radius of 25 m from the sample point. At each point, we also measured air temperature, relative humidity, and wind speed (maximum) using a portable weather device (Kestrel 3000, Kestrel Meters, MI), and estimated sky conditions using an ordinal classification code (0-clear skies, 1-broken/sky few clouds, 2-partly cloudy, 3-overcast, 4-drizzle, 5-rain).
Single-season, single species model
We used a single-season, single species model to conduct an exploratory analysis of occupancy estimates and detection probabilities for each frog species (see MacKenzie et al. 2002) . This modeling is analogous to traditional closed-population capturerecapture methods, but uses the proportion of area (or sites) occupied as a state variable rather than individuals as in a population study. This requires visiting sites multiple times within a season where the target species is either detected, with probability p, or not detected. The goal is to estimate the probability of a species occurring at a site, W, knowing the species is not always detected, even when present. In other words the naïve occupancy rate, Occ naive is the proportion of total sites where presence of a species was actually observed, where
. Elevation (ELEV) in Hawaii ( Fig. 2 ) was included as a sitespecific covariate in determining W to account for site variability. Analysis was conducted in program Presence (Hines 2006) .
We then developed models in a step-wise manner to account for factors that might lead to variation in detection probabilities. Model selection was based on the Akaike's Information Criteria adjusted for sample size (AIC c ) and if overdispersion was detected in the most parameterized model (ĉ [ 1), the quasi-likelihood version was used (QAIC c ). High estimates of p ([0.7) were used to substantiate the ability to detect a species at a given site (Brown 2007) .
We identified three factors that might lead to variation in detection probability: (1) timing of survey (time), (2) environmental variables, and (3) detection of co-species.
1. Time. We considered detection probabilities to be constant (.) or varying between the three surveys (t). Due to the duration of the surveys (e.g. 2 weeks for the first survey), we also considered (T) and quadratic (T 2 ) time trends in detection . If the new model had a lower AIC c , all models were then evaluated with the co-species covariate (an additional 14 models). Models with the co-species covariate that had a DAIC c \ 2 were discarded from the model set.
Single-season, two species model
We then used a single season, two-species model to estimate occupancy and detection probabilities for both frog species and to further evaluate whether the detection of each species was influenced by the detection of the other species. The two species model is similar to the single species model, but with added probabilistic calculated parameters that account for the detection of one species on the effect of detecting the other species, while also allowing for possible false absences in the detection of either species. Analysis was also conducted in program Presence to estimate the following parameters: W m , the probability a site is occupied by species m regardless of occupancy status of the other species, q m j , the probability of detecting species m, on the jth survey, given only species m is present at the site, and r m j , the probability of detecting species m during the jth survey, given both species are present (see MacKenzie et al. 2004) .
A benefit of using the two species model is the ability to explore species interactions using empirical model selection approaches with two additional species interaction parameters (or species interaction factors, SIF): u, the ratio of how likely the species are to co-occur at a site compared to what would be expected under a hypothesis of independence, and d, an interaction factor for detection probabilities given co-occurrence. In our study, the occupancy interaction is expressed as u ¼ GrCo is the probability of detecting both species during a survey at a site where both species occur. If d is \1, then it is likely that observers were less likely to detect one species if the other species was heard during the same survey. We first modeled the occupancy parameters as a function of elevation (ELEV), and detection parameters as a function of the covariates found in the single species model that were most significant (from the top model results) for greenhouse frogs (SKY) and for coquis (RH and WIND), removing covariates in a stepwise process as in the single-species model method. We then examined if detection parameters varied by time with the top covariate model.
To explore our hypotheses about detection probabilities, the model was evaluated for q ¼ r and q 6 ¼ r for both frog species. First, because the coqui has a louder call, we expected the coqui to have higher detection probabilities than the greenhouse frog (q Co [ q Gr ). Second, we expected that given the presence of the coqui, detection probabilities of the greenhouse frog would be lower in sites with the coqui (r Gr \q Gr ). Finally, to examine species interactions, models with and without u and d were evaluated, for a total of 28 models included in the analysis. Due to the number of parameters in two-species modeling, complex models may be over-parameterized, (MacKenzie et al. 2006) , and were removed from the analysis. The Detection probabilities of two introduced frogs in Hawaii 893 model with the lowest AIC c was considered the top or best model of those examined. Detection probabilities were then extrapolated for estimates at sites that were not included in the occupancy modeling based on covariates from the top model (Fig. 3) .
Results
Study sites
Elevation of study sites ranged from 13 to 3,386 m, with a mean of 553 ± 28 (mean ± SE presented throughout). Temperatures during data collection ranged from 4.9 to 29.5°C, mean of 21.8 ± 0.5 across all sites for all three surveys. Relative humidity during data collection ranged from 57.1 to 100% mean of 88.2 ± 1.6. Wind gusts ranged from 0 to 54.9 kph, mean of 6.4 ± 0.8. Mean sky conditions was 1.9 ± 0.1.
Single-season, single species model
We detected coqui frogs at 89 out of the 446 study sites (20%), with 21 of those sites (24%) co-occupied with the greenhouse frog. Estimated occupancy probability was 0.31 ± 0.04 (Table 1) . During the first survey, 83 out of the 446 sites (91.2% of total coqui sites) were positively identified with coqui frogs, six new sites from the subset of 125 study sites (6.6% of total coqui sites) were identified on the second survey, and zero new sites were positively identified with coqui frogs on the third survey. Sites were mostly in lowland nonnative and native forests and agricultural lands on the eastern and southeastern sides of the island of Hawaii (Fig. 2) . The highest elevation where coquis were detected was 737 m.
Model selection results indicate that there was a time (t) effect in detection probability of the coqui (Table 2 ). Detection probabilities were highest for the second survey, and lowest for the third survey (Table 1) , and ranged across all study sites from 0.0001 ± 0.0002 to 0.92 ± 0.04 for the first survey, 0.0001 ± 0.0003 to 0.97 ± 0.02 for the second survey, and 0.0001 ± 0.0001 to 0.87 ± 0.05 for the third survey. There were more sites with detection probabilities[0.7 for the coqui than for the greenhouse frog on all three surveys (Fig. 3) .
All of the top models for coquis supported the inclusion of WIND as a covariate ( Table 2 ). The probability of detection of coqui frogs decreased with higher wind speeds, increased slightly with higher relative humidity, and decreased with elevation. Variation in temperature, sky cover, and the detection Model selection was based on AIC c for E. coqui and QAIC c for E. planirostris (ĉ = 1.13). Models with lowest DAIC c are considered the best. Absence of u and d in two species models implies no interaction in occupancy or detection probability (e.g., u = 1 and/or d = 1). (AIC c small-sample size akaike information criterion, w i model weights, K number of parameters, Co = E. coqui, Gr = E. planirostris)
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of the greenhouse frog had little effect on coqui detection probabilities. We detected the greenhouse frog at 62 of the 446 study sites (14%), with coquis detected at 21 of the greenhouse frog sites (34%). Estimated occupancy probability was 0.39 ± 0.08 (Table 1) . On the first survey, 46 out of the 446 sites (75.4% of total greenhouse frog sites) were positively identified with greenhouse frogs, four new sites from the subset of 125 (6.5% of total greenhouse frog sites) were identified on the second survey, and 12 new sites (19.6% of total greenhouse frog sites) were identified on the third survey. Sites were mostly in lowland native shrublands and forests, nonnative forests, agricultural lands, and pasture lands on the southwestern and eastern sides of the island of Hawaii (Fig. 2) . The highest elevation where greenhouse frogs were detected was 1,115 m.
Model selection results indicate that detection probability for greenhouse frogs increased over time (Tables 1, 2) . Detection probabilities across all study sites ranged from 0.15 ± 0.04 to 0.60 ± 0.12 for the first survey, 0.18 ± 0.05 to 0.66 ± 0.11 for the second survey, and 0.34 ± 0.07 to 0.81 ± 0.08 for the third survey. Compared to the coqui, detection probabilities [0.7 only occurred at 37 sites for the greenhouse frog, and only on the third survey (Fig. 3) .
The top 15 models for the greenhouse frog all included the SKY covariate ( Table 2 ). The probability of detection of greenhouse frogs increased with increasing sky cover and decreased with elevation. Models with the covariate for coqui detection did not have a DAIC c \ 2. Variation in relative humidity, temperature, and wind speed had little effect on detection of the greenhouse frog. Co and r Co were ranked higher than models without weather covariates (Table 2) . Model selection results suggest that coquis and greenhouse frogs do not occur independently ( Table 2 ), and that the species are more likely to co-occur at a study site than would be expected by random chance (Table 3) . Model results also suggest that in addition to co-occurring at a site, the two species were also more likely to be detected together by the observer than independently (Table 2 ). In addition, estimated occupancy rates for the greenhouse frog (0.35 ± 0.05) were not significantly different than estimated occupancy rates for the coqui (0.31 ± 0.03) ( Table 3) .
There was no time effect on the detection of the coqui in the two species model, and the probability of detecting the coqui when only the coqui was calling was equal to the probability of detecting the coqui when the greenhouse frog was calling (p Co = r Co , Table 3 ). For the first two surveys, the probability of detecting the greenhouse frog was higher in sites where only the greenhouse frog was present than in sites where the coqui was detected, and greenhouse frog detection probabilities were lower than the coqui detection probabilities (p Gr [ r Gr , Table 3 ). By the third survey, 95% confidence intervals suggest that there was an overlap in the detection probability of the greenhouse frog and coqui. Thus, detection probabilities for the coqui were higher and more consistent over all three surveys, while detection probabilities for the greenhouse frog were more variable.
Both the single-species and two-species models estimated occupancy probabilities slightly higher for the greenhouse frog than the coqui, and there is a greater discrepancy between naïve occupancy rates and estimated occupancy probabilities for the greenhouse frog than for the coqui because of the lower detection probabilities for the greenhouse frog. 
Discussion
We determined that detection probabilities from a breeding call survey differed between the two introduced Eleutherodactylus species on the island of Hawaii. As expected, detection probabilities for the greenhouse frog were low for the initial surveys and improved over time. Although coqui detection probabilities were higher than those for the greenhouse frog, probabilities varied amongst the three surveys, and were lower than expected (\0.7) on the first and third survey. As expected, the ability to detect greenhouse frogs was lower in the presence of calling coquis while calling greenhouse frogs had no effect on the ability to detect the coqui.
In the single-species model, coqui detection probability did not increase over the three surveys; it was highest on the second survey and lowest on the third survey, which suggests that it was affected by individual site covariates during each survey. More specifically, sites with the lowest detection probabilities were also sites that had the lowest relative humidity and highest wind speeds. Other studies have found that coqui calls decline with humidity and higher wind speeds (Pough et al. 1983) , and that calling is not influenced by temperature or cloud cover (Townsend and Stewart 1986) . Because they call from mid-to-upper level forest canopies, they may be more exposed to dry conditions from increased wind speeds and low humidity than species, such as the greenhouse frog, that call from the forest floor (Pough et al. 1983) . It should be noted that the two-species model was over-parameterized when we included a covariate for relative humidity on the detection of the coqui. It is possible that it was not captured in the two-species model due to the complexity of the model and the small effects of this parameter on coqui detection probability (MacKenzie et al. 2004) . Sites with low detection probabilities on the second survey were in areas with the lowest predicted distribution potential of the coqui (Bisrat et al. in press) .
For the greenhouse frog, unlike the coqui, detection improved by repeated visits to sites. As expected, detection probabilities were lower for the greenhouse frog than for the coqui, although not significantly so by the third survey. This may be because the observer learned to better detect the greenhouse frog over the duration of the study, or it may be because environmental conditions were more favorable for greenhouse frogs to call. More specifically, the rainy season for the western side of the island is from May to October (Kolivras and Comrie 2007) , and the third survey took place in the middle of July. The increased detection probability for the greenhouse frog may indicate increased calling activity later in the rainy season. This hypothesis is supported by our results that detection probability increased with greater sky coverage (i.e. overcast skies and rain) and are consistent with other studies that suggest that greenhouse frogs increase calling activity during overcast skies and after recent rain (Goin 1947; Meshaka and Layne 2005) . This may reflect that the greenhouse frog, unlike the coqui, is limited to breeding during certain times of the year in Hawaii. Finally, differences in detection probabilities may also result from differences in abundance, particularly if populations of greenhouse frogs are smaller than coqui populations at the sample sites (MacKenzie et al. 2006) . We have no data on differences in densities at the sites.
The single and two-species models differed in the inclusion of the effect of coqui on greenhouse frog detectability. The effect of the presence of calling coqui on the detectability of the greenhouse frog was only slightly supported in the single-species model. This may be because in the single-species model, the covariate for presence of calling coqui does not account for false absences. In the two species model, greenhouse frog detection was lower in the presence of calling coqui. This was not unexpected because the coqui's louder call was thought to potentially mask the greenhouse frog's call. Results from both the single species and two species models support our hypothesis that the presence of the greenhouse frog did not have an effect on the detection of the coqui.
The estimated occupancy probabilities for both species overlap, and thus, are not different between the two species. In other words, the total number of sites occupied by the coqui and by the greenhouse frog on the island of Hawaii appears similar. However, there is a greater discrepancy between naïve occupancy rates and estimated occupancy probabilities for the greenhouse frog than for the coqui, and lower detection probabilities of the greenhouse frog contribute to this discrepancy (Bailey et al. 2009 ). Both the type of survey (audio) and timing of survey (only for one year) may have affected the results. In addition, even though we accounted for some variables that influence the ability to detect these species, there may be other factors influencing whether frogs were calling at the time of our visit to a study site. Because we cannot account for these factors, our occupancy estimates are likely conservative.
Elevation had a similar effect on the likelihood of sites being occupied by both species, which was expected given that both species were introduced to lowland sites and are likely to be limited by climatic conditions at high elevations (Kraus and Campbell 2002) . Coquis have been found up to 1,200 m (Hawaii Invasive Species Council 2007), higher than our maximum elevation record for this study (740 m), and close to the maximum elevation of detected greenhouse frogs in this study (1,100 m). It is unknown if the frogs may be limited to areas below 1,200 m or if they have not yet spread to higher elevation sites (Rödder and Lötters 2010; Bisrat et al. in press ).
The two-species model test of independence suggests that the coqui and greenhouse frog were more likely to be found at the same than different sites (MacKenzie et al. 2004 ). This contradicted our expectation that the distributions of these species would be independent (Kraus and Campbell 2002; Peacock et al. 2009) . A possible explanation is their similar modes of spread, the sale and transport of nursery plants, and vehicular traffic (Kraus and Campbell 2002; Peacock et al. 2009 ). In addition, initial introductions may have been to the same areas: nurseries, plant retailers, and surrounding areas as well as roadsides, residential areas, and resorts. It is also possible that both the coqui and the greenhouse frog are now spreading to new sites via natural means, and that because there is some overlap in their preferred habitat, including human altered areas Olson and Beard in press) , they are more likely to co-occur.
Finally, statistically these species may co-occur more than expected for all 446 sample points because a large number of sites are unsuitable habitat for either species (Bisrat et al. in press) . It is apparent from Fig. 2 that the coqui is predominantly found on the wet, eastern side of the island, while the greenhouse frog is found on the wet, eastern as well as the dry, western side. This may be because the greenhouse frog is better adapted than the coqui to the drier conditions and seasonal rain on the western side (Pough et al. 1977; Kolivras and Comrie 2007) . However, many of these sites are in urban areas, such as landscaped gardens and agricultural sites, with human-mediated watering regimes. Another possible reason for the different distribution patterns is that control efforts may have limited the distribution of the coqui on the western side (Hawaii Invasive Species Council 2007) .
This study did not assess the impacts of either species on Hawaiian ecosystems. Research has been conducted on the coqui's impacts (Sin et al. 2008; Beard 2007; Beard et al. 2008) , but more studies are necessary to understand the effects of the greenhouse frog introduction. Both species predominantly consume leaf litter invertebrates (Beard 2007; Olson and Beard in press ). The smaller greenhouse frog (mean SVL 17 mm for males, 22 for females) consumes more prey items per frog than the coqui (mean SVL 30 mm for males, 38 for females) Olson and Beard in press) , while densities of coquis may be higher (Woolbright et al. 2006; Beard et al. 2008; Olson et al. in press) . Coquis have been shown to alter invertebrate communities and affect ecosystem processes, such as herbivory and leaf litter decomposition rates (Choi and Beard in press; Sin et al. 2008) . It has been suggested that greenhouse frogs may have similar effects, but they have not been studied (Olson et al. in press) .
This study was an initial investigation into the distribution of two introduced species of Caribbean Eleutherodactylus species on the island of Hawaii. Our study supports the idea that the coqui appears to be more widespread than the greenhouse frog due to the ease in detecting the coqui. Because detection of both species was \1, our study suggests that occupancy modeling is necessary to determine the distribution of the coqui and the greenhouse frog, using a form of replicated sampling with population closure (MacKenzie 2005). Our results emphasize the need to use early detection methods for invasives that are appropriate for detecting that species. Because the greenhouse frog appears to be widespread, we recommend that research be conducted to investigate its impacts ecologically to determine whether control efforts should also be aimed at this species.
